Introduction
The algae or seaweeds are a group of primitive organisms with no have true roots, stems and leaves. However, they are one of the import marine living resources with of enormous commercial importance. (Kaliaperumal et al., 1987) . Seaweed products are best known for their auxin and cytokinin contents, as these endogenous phytohormones are liable for cell division and root and shoot elongation, respectively (Wickham and Davis, 2015) . A sufficient level of potassium, nitrogen, growth promoting hormones, micronutrients, humic acids etc. present in seaweeds make it as excellent manure. Seaweed fertilizer besides increasing the soil fertility increases the moisture containment capacity and procures sufficient trace metals thereby improving the soil structure (Dhargalkar and Pereira, 2005) . Liquid extract obtained from marine algae have been used over the past 40y on various plants to encourage growth and improving. Interest seaweed concentrates in agricultural system is focused on their use as an inexpensive source of naturally occurring plant growth regulator (Zodape, 2001 ). Seaweed liquid fertilizers are practical for obtaining higher agricultural production, because the extract contains growth encouraging hormones, IAA, IBA, Cytokinins, Gibberellins, trace elements, vitamins, amino acids, antibiotics and micronutrients (Raverkar, 2016) . Utilized as foliar spray, soil conditioner and seed wet before sowing; these extracts give resistance to countless stresses such as frost, insect's infestation, viral and fungal diseases. Addition of seaweed-obtained liquid extracts increase soil quality and microbial activity (Rebours et al., 2014) . Zeolite which is occurred of volcanic tuffs has been used to away the smell of natural manure and to enrich their content, and to increase the pH of the acidic soils for many years. Zeolite has been commonly used as transporter in fertilization and agricultural control (Gülen et al., 2012) . Zeolite is a soil improver as it controls the moisture and pH content of soil. Therefore zeolite has been used traditionally by Japan farmers for centuries (Kurama et al., 1999) and broad usage of zeolite in aquaculture has been declared (Tepe et al., 2004) . The main objective of the present study was to investigate the effects of different combinations of zeolite and the seaweed liquid fertilizer (SLF) obtained from Ulva lactuca on soil properties and the germination, seedling and eventually the yield of cucumber.
Materials and Method
Seaweed (Ulva lactuca) was collected with hand along the coastal waters of Giresun in May, 2015. Immediately on site, they were washed by seawater to clean the sediment, epiphytes and organic matter on their surface. The cleaned seaweed was transferred to laboratory in polythene bags and washed with tap water again in laboratory to remove the salt and pollution on the surface (Sivasankari et al., 2006) . After then seaweed was dried in dark room for three days. Following the drying, it was cut into 0.5 cm to 1 cm in size and then 1 kg algae sample was boiled in 1 litter distilled water for an hour. It was allowed to cool at room temperature and was filtered. This seaweed extract was treated as 100% concentration and was diluted at a rate of 1:5 (Bhosle et al., 1975) . In this study, some chemical features of the liquid fertilizer from Ulva lactuca were analysed in GRÜMLAB and obtained results are presented in Table 1 .
The crop plant selected for the present study was Cucumis sativus belonging to the family Cucurbitaceae and purchased from a company that sells certified seeds. The soil used in the experiment was taken from the land belonging to Giresun Hazelnut Research Stations' surrounding gardens where the experiment was carried out. Zeolite used in the study was bought from Enli Mining Company. Chemical composition of the natural clinoptilolite used in the experiments were as follows; SiO2; 70.90, Al2O3; 12.40, Fe2O3; 1.21, K2O; 4.46, CaO; 2.54, MgO; 0.83, Na2O; 0.28, MnO; <0.01, TiO2; 0.089, P2O5; 0.02 and water; 7.20 as percentage (Tepe et al., 2004) . The six treatment groups with three replicates each were applied in randomized Complete Block Design between June and October 2015. The doses implemented in each the experimental groups are presented in Table 2 . 30g Z(30×3)+420 ml LF 420 ml LF 150 ml LF 150 ml LF 90 g Z+1140 ml LF G3 60g Z(60×3)+210 ml LF 210 ml LF 100 ml LF 100 ml LF 180 g Z+620 ml LF G4 90 g Z(90 ×3)+105 ml LF 105 ml LF 50 ml LF 50 ml LF 270 g Z+310 ml LF G5 210 ml LF 210 ml LF 100 ml LF 100 ml LF 620 ml LF LF: Liquid fertilizer, Z: Zeolite
Seeding was done by hand in depth of 5-6 cm and 30 seeds/ pot. Together with sowing, the first liquid fertilizer and zeolite doses were applied to the soil according to the groups. Seaweed liquid fertilization was implemented for total of 4 times with different concentrations in each treatment group. These concentrations of the first two applications were applied to the soil directly and the last two applications were on the foliage by spraying.
Germination, seedling and yield time of cucumber plants were observed and measurements of yield's weights were recorded during the experimental period. When the germination is completed, at the seedling stage, each pot was left with only three saplings. The weight of the seedlings which removed from the soil were measured and recorded according to the groups in the laboratory environment (Table 4) . Twenty four days after the first germination, the second SLF application was applied to the soil (Table 2 ). Five days after the first flowering, the third SLF application was applied to the leaf by the spraying (Table 2) . Finally, the fourth SLF application was applied to the leaf 5 days after the first products were obtained ( Table 2 ). The experiment groups were observed every two days, irrigation was done and the weeds were removed regularly. Cucumbers reaching to the market size were harvested by hand and weight measurements were made according to the groups in the laboratory. While some of soil and liquid fertilizer material analyses used in the experiment were performed by a Private Laboratory and some of them were performed by Giresun University Central Research Laboratory Research and Application Center. Soil and liquid fertilizer samples, the levels of Mn, Fe, Co, Ni, Cu, Zn, As, Cd, Pb, Cr and Se were analysed as ppm by ICP-MS. K2O levels were analysed as percentage by ICP-OES and pH by TS ISO 10390. In liquid fertilizer samples, total humic + fulvic acid was analysed by TS 5869 ISO 5073 as percentage and N levels by elemental analysis as percentage and Cl levels as percentage, C levels by Elemental Analyzer as percentage, B levels by ICP-OES as ppm. The mean and standard error values of soil analysis were calculated. The data were analysed by oneway analysis of variance and Duncan test. 
Results and Discussion
The chemical analysis results of the seaweed liquid fertilizer used in the experiment given on Table 1 Türkmen and Kütük (2017) , notified that the amount of N content of compost obtained by brown seaweed was 3.19 in study that they in this study, the average germination time of Cucumis sativus was determined as 6 days. The first germination started on the fourth day after sowing and the germination rates was given on the Table 3 . When the tables were examined, it was seen that the highest ratio was in G1 with 88,9% in the first day of germination and it was in the control group with the lowest rate of 72.2%.While the lowest rate was observed in the control group from the first day to the sixth day, the highest rate was observed in the G1 (60 g zeolite) group. At the end of the sixth day, the highest germination rates according to the groups were found as follows. Control: 81,1%; G1: 94.4%; G2: 90%; G3: 88.9%; G4: 85.6%; G5: 92.2% (Table 3) . Kurama et al. (1999) , notified that the germination in seeds, plant growth and the aspect of development increased, implementing some plants to the artificial zeolites that the fertilizer was impregnated and the natural zeolites which had aspect of high absorption. Demir et al. (2006) , in the germination of tomato, pepper and aubergine seeds reported that there was the positive effect of the suspension obtained by alga. Demirkaya (2010) , pointed out that it reduced the average germination time while the applications of alga extract and osmotic conditioning were increasing the germination percentage in onion and pepper seeds. Akyurt et al. (2011) , fermented liquid organic fertilizer obtained by sea lettuce (Ulva sp.) was effective in germination of broccoli seeds. Hernández -Herrara et al. (2014) reported that the germination rate of tomato seeds operationalized by Ulva lactuca and Padina gymnospora extracts increased at low concentrations.
Average seedling yield according to groups; the control was determined as 1.38 g; G1: 1.31 g; G2: 1.20 g; G3: 1.81 g; G4: 1.29 g; G5: 1.29 g. The maximum seedling yield was observed in G3 with 1.81g, (60 g zeolite + 620 ml liquid fertilizer), the minimum was observed with 1.20g in G2, (30 g zeolite + 1140 ml liquid fertilizer) (Table 4) . Lakshmi and Sundaramoorthy (2010) , notified that alga extracts were more effective than chemical fertilizers in increasing the growth of seedlings in a study they made with the liquid fertilizer of Ulva lactuca. In one study, it was observed that liquid alga fertilizer was obtained by Sargassum plagiophyllum invented the germination and early seedling growth (Zodape, 2001) .
Average weights according to groups of cucumbers obtained during harvest given on Table 5 . According to the table, while the maximum weight was in G4 (90 g zeolite + 310 ml liquid fertilizer) with 179 g, the minimum one appared in G5 (620 ml liquid fertilizer) with 133 g. Cassan et al. (1992) , notified that Goemar GA, an Ascophyllum nodosum extract, applied as spraying to spinach plant increased the amount of fresh weight in spinach. Eyras et al. (1998) , reported that compost obtained by alga increased the water holding capacity and plant growth. Zahid (1999) , in his study, reported that compost obtained by Codium lyengarli significantly increased the growth rate of some plants. Zodape et al. (2008) notified that the seaweed liquid fertilizer obtained by Kappaphycus alvarezii was implemented as leaf spray (2.5%) increased the yield and food quality in the okra fruit. Rathore et al. (2009) observed that the liquid alga extract obtained by Kappaphycus Alvezii was implemented as leaf spray increased the yield in soybean. Sathya et al. (2010) notified that SLF concentration of 30% prepared from Chaetomorpha linum showed the maximum growth on Cajanus cajan. Castellanos -Barriga et al. (2017) reported that it indicated the best yield in low concentration (0.2%), testing on its biochemical parameters and growth, the germination of mung bean to the different concentrations of seaweed liquid fertilizer obtained by Ulva lactucamade. Eyras et al. (1998) , pointed out that the value of C content of compost obtained by seaweed was %1.8 in study that they made. Lai et al. (2008) , notified the value of humic acid of organic fertilizer was %9.2 in a study that they made with hog manure. Demirtaş et al. (2012) , identified that the value of the water soluble K2O of the liquid organic fertilizer obtained by some plants was 1%. Akyurt et al (2011) , notified that the value of pH of the liquid organic fertilizer obtained by Ulva sp. was 6.4. Kavuk (2013) , notified that the Ni content of liquid suspense organic fertilizer obtained by Caralline elongata was 0,1 ppm. Koç (2013) , in his study, determined that Mn of the liquid fermented fertilizer obtained by Ulva lactuca was 1.6 ppm. Demir et al. (2003) , notified that Fe value of fertilizer obtained by seaweed was 1810 ppm. The physical and chemical analysis results of the soil used in the experiment according to the groups given on Table 6 , 7. While carbon was in the minimum with 0.48% in G1 group, it owns the maximum value with 0.87% in the control group. In a study by Edmeades (2003) , the value of C in the soil that N, P, K fertilizer was implemented was notified as 0.78%. Lazcano et al. (2011) , notified that C value of the soil used in the experiment was 3.01% in a study that they made with vermicompost. While sodium is the minimum with 2,83 ppm in the G2 group, it owns the maximum value with 3,67 ppm in the G5 group. The maximum K2O value was observed as 198 ppm in G3, the minimum value in G5 was observed as 128 ppm. While the lowest level of EC appeared in G3 with 0.20 dS/M, the highest one was observed with 0.30 dS/M in G4 and control group. Alagöz et al. (2006) , notified that the EC level of the soil was 0.90 dS/m in a study that they made with the cultivated leonardite at the rate of 100 kg/ha. Lime is the minimum with 0.30% in G5 but it owns the maximum value with 0.79% in G3 and G4. Türkmen and Kütük (2017) , notified that the lime content of soil was 1.62% in a study that they made with compost, zeolite and chemical fertilizers. While Phosphorus is the minimum value with 0.03 ppm in G4 it owns maximum value with 0.19 ppm in the control group. While the lowest pH content in G3 was 5.00, the highest pH content in G2 and G4 was observed as 5.10. Demirkiran and Cengiz (2011), pointed out that the level of pH in soil used in the experiment was 7.6 in a study that they made with the different organic materials and chemical fertilizer. While selenium is the minimum with 0.13 ppm in G5, it owns the maximum value with 0.25 ppm in the control group. Toxic effects are able to appear in the situations that the extractable heavy metal concentration in soils for selenium is over 10 ppm (Yıldız, 2001) .
The statistical analysis of the soil used in the experiment were given on Table 6 . Parameters appearing in the highest amount in the experiment groups are as follows; C, EC, P, Se in the control group; pH in G2 group; K2O and lime in G3 group; EC, lime and pH in G4 group; C and Na in G5 group. While differences between the groups were statistically important for the parameters of C, K2O, lime and Se, difference between the other parameters was not identified.
According to the experiment groups, the heavy metal contents of soil samples given on Table 7 . While Mn is the minimum with 480 ppm in G5, it owns the maximum value with 714 ppm in the G3 group. In one study, researchers notified that the value of Mn that was useful to the plant of soil used in the experiment was 295,80 ppm and they investigated for the effect that's above tomato of copper implemented through soil . Iron is the minimum with 5924 ppm in G5, it owns the maximum value with 7681 ppm in G4. Fe concentration in soil solution is in between 30-550 ppm. In addition, it can exceed 2000 ppm in acidic soils and toxic effects can appear (Bakırcıoğlu, 2009) . While copper is the minimum with 8.26 ppm in G5, it owns the maximum value with 9.75 ppm in G4. Akyurt et al (2011) , determined that the amount of copper in the soil that the liquid organic fertilizer obtained by Ulva sp. was used was 15.80 ppm. While cobalt is the minimum with 6.30 ppm in control group, it owns the maximum value with 13.3 ppm in the G3 group. Toxic effects can appear in situation that extractable heavy metal concentration in soils for cobalt is above 10 ppm (Yildiz, 2001) . While Nickel is the minimum with 3.21 ppm in G5, it owns the maximum value with 3.63 ppm in G4. In a study made, it has been notified that lantern grass and mullein plants could be used in the purity of soils polluted by the heavy metals and the receivable Ni content in soil was 7.34 ppm (Eren and Mert, 2016) . While zinc is the minimum with 15.5 ppm in the G5 group, it owns the maximum value with 16.7 ppm in the G4 group. CabelloConejo et al. (2014) , notified that the amount of Zn in soil that phytohormone was implemented was 28.4 ppm in a study that they made. Arsenic is the minimum with 3.19 ppm in G5, it owns the maximum value with 4.67 ppm in G4. Güven et al. (2004) , notified that the average value was around 5 ppm while the concentration of arsenic soil in soil was changing between 1-40 ppm. Cadmium owns the maximum value with 0.43 ppm in G5 on the other hand, it is the minimum with 0.03 ppm in G4, G3 and control group. Beesley et al. (2010) , notified that Cd value of compost added soil was 0.37 ppm in a study that they made with simple field experiment. While lead is the minimum with 11.6 ppm in control group, it owns the maximum value with 16.3 ppm in G3 group. Asri and Sonmez (2006) , pointed out that it did not cause danger in terms of human and plant health that the amount of Pb in soil was in the range of 15-40 ppm. While chromium is the minimum with 6,09 ppm in G5, it owns the maximum value with 8.65 ppm in G3. Kahvecioğlu et al. (2003) , notified that this value got to 4000 ppm in the unpolluted some soils while chrome in lots of soils was in the range of 2-60 ppm. If these data are considered, it was observed that the elements of Mn, Fe, Cu, Co, Ni, Zn, As, Pb and Cr in soil that liquid fertilizer was just added were found less than the other groups.
The statistical analyses of the heavy metal content of the experiment results of soils which belonged to the groups were given on Table 7 . The parameters appearing in the maximum content in the experiment groups are: Mn, Co, Pb and Cr in the G3 group; Fe, Cu, Ni, Zn, As in the G4 group; Cd in the G5 group. While the differences between the groups were statistically meaningful for the elements of Fe, As and Cr, the difference between the other parameters didn't appear.
The germination rate in cucumber plant was in the minimum control group, the maximum one was determinate in G1 group and the soil analysis results of these groups were compared. The parameters of C (%), EC (dS/m), P (ppm), pH, Se (ppm) in G1 group were identified lower than the control group. However the parameters of lime (%), Na (ppm), K2O (%) in control group were identified lower than G1 group (Table 6 ). The elements of Mn, Cu, Ni, Zn in G1 group were identified lower than the control group. The elements of Fe, Co, As, Cd, Pb, Cr in the control group were lower than the G1 (Table 7 ). The Germination rates in G1group that 60g zeolite was just used appeared higher than other groups (Table 3) . It can be explained by zeolite invents the germination that there is more germination in G1 group than the other groups. The seedling weight of cucumber plant was analysed, in the minimum weight was G2 group, the maximum weight was appeared in G3 group. When the soil analysis results of these groups were compared, the parameters of C (%), EC (dS / m), P (ppm), pH and Se (ppm) in the G3 group appeared lower than the G2 group. However, the parameters of lime (%), Na (ppm) and K2O(%) in the G2 group were identified lower than the G3 group. The elements of Mn, Fe, Cu, Co, Ni, Pb, Cr in the G2 group appeared lower than the G3 group. However, elements of As and Cd in the G3 group were identified lower than the G2 group. While 60 g zeolite + 620 ml organic liquid fertilizer was used as material in G3 group, 30 g zeolite + 1140 ml organic liquid fertilizer was used in G2 group. If these data are considered, the use of G3 group (60 g zeolite + 620 ml liquid fertilizer) for seedling yield can be suggested. The total harvest yield was in the maximum G4 group and it appared as minimum in G5 group, the soil analysis results of these groups were compared. The parameters of K2O (%), EC (dS/m), lime (%), pH, Se (ppm) in G4 group appeared lower than the G5 group. And also the elements of C (%), P (ppm) and Na (ppm) in G5 group appeared lower than the G4 group. While the elements of Co and Cd in the G4 group appeared lower than the G5 group. However, elements of Mn, Fe, Cu, Ni, Zn, As, Pb, Cr in the G5 group were identified lower than the G4 group. However, while 90 g zeolite + 310 ml organic liquid fertilizer was used in G4 group, 620 ml liquid fertilizer was just used as material in G5 group. If these data are considered, the G4 group (90 g zeolite + 310 ml liquid fertilizer) for cucumber yield can be suggested.
According to the results which was obtained in this study, the seaweed liquid fertilizer obtained by Ulva lactuca can be said to affect the yield of cucumber plant positively. However, it has been causing the challenges if the alga raw-material is under the need while being used as fertilizer. That's why the studies about the cultivation of Alga can be provided to be included in Agriculture by getting invented. The results of study has showed that the turning the seaweed liquid fertilizer combined by zeolite into a valuable product to be used in agriculture is possible. It can be said that it will contribute to that an important environment issue for the shores gets solved and also the productivity of agricultural lands increases. This product can be used as fertilizer in ecological agriculture systems because it can't be limited and is natural origin.
